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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] The present invention is related to a rolling 
bearing unit with a rotational speed sensor which is used 
to rotatably support an automobile wheel with a suspen- 
sion apparatus, while it is used to detect the rotational 
speed of the wheel. 

DESCRIPTION OF THE RELATED ART 

[0002] A rolling unit with rotational speed sensor that 
is used to rotatably support an automobile wheel with 
respect to a suspension apparatus, and that is used to 
control an anti-lock brake system (ABS) or traction-con- 
trol system (TCS) by detecting the rotational speed of 
the wheel, has been disclosed in U.S. Patent No. 
4,907,445 as shown in Fig.12. 
[0003] The rolling bearing unit with rotational speed 
sensor shown in Fig.12 comprises a hub 3 that has a 
flange section 1 located on its axially outer end portion 
(outer end portion in a widthwise direction when in- 
stalled in the vehicle: left end portion in Fig. 1 2) to secure 
the automobile wheel (not shown) and a first inner race- 
way 2a located around the outside peripheral surface in 
the central portion of the hub 3, an inner ring member 4 
that is fitted around the outside peripheral surface in the 
central portion of this hub 3 and has a second inner race- 
way 2b around its outside peripheral surface, a nut 6 
that is screwed onto a male screw portion 5 formed on 
the outside peripheral surface of the axially inner end 
portion (inner end portion in a widthwise direction when 
installed in the vehicle: the right end portion in Fig.12) 
of the hub 3 so as to press against the axially inner end 
face of the inner ring member 4 and to secure this Inner 
ring member 4 to a prescribed location on the outside 
peripheral surface of the hub 3, an outer ring member 9 
that has outer raceways 8a, 8b in rows around its inside 
peripheral surface and a mount section 7 around its out- 
side peripheral surface for securing it to the suspension 
apparatus (not shown in the figures), and a plurality of 
rolling bodies or members 10 that are located between 
the outer raceways 8a ( 8b and the inner raceways 2a, 
2b respectively. Thus, the hub 3, to which the automo- 
bile wheel (not shown) is secured, is rotatably supported 
inside the outer ring member 9 that is supported by the 
suspension apparatus. 

[0004] In Fig. 12, there is a cylindrical tone wheel 1 1 
securely fitted around the axially inner half (right half in 
Fig. 1) of the inner ring member 4. An uneven section 
12 having recesses and lands is formed on the axially 
inner end face of the tone wheel 11 (this is the end sur- 
face facing inward in a widthwise direction when in- 
stalled in the vehicle; the right end face in Fig. 12) and 
the magnetic characteristics of this axially inner end face 


change, alternating at equal intervals in the circumfer- 
ential direction. The recesses of the uneven section 12 
form a cutout section. 

[0005] Moreover, a cover 13 covers the opening on 
the axially inner end of the outer ring member 9. Provid- 
ed in this cover 13 is a sensor 14 whose axially outer 
end face is opposed to the u neven section 1 2 of the tone 
wheel 1 1 . 

[0006] When using the rolling bearing unit with rota- 
tional speed sensor constructed as described above, 
the automobile wheel (not shown) secured to the flange 
section 1 formed on the axially outer end of the hub 3 is 
supported so that it rotates freely with respect to the sus- 
pension apparatus (not shown) to which the outer ring 
member 9 is supported. Also, as the tone wheel 11 se- 
cured around the inner ring member 4 rotates as the au- 
tomobile wheel rotates, the output of the sensor 14, 
which is faced to the uneven section 12 formed on the 
axially inner end of the tone wheel 1 1 , changes. The fre- 
quency at which the output of the sensor 14 changes is 
proportional to the rotational speed of the automobile 
wheel, and therefore if the output signal from the sensor 
14 is input into a controller (not shown), the rotational 
speed of the wheel can be used to adequately control 
an ABS or TCS. 

[0007] In the prior art rolling bearing unit with rotation- 
al speed sensor as described above, it is difficult to 
make it compact in size keeping enough output. 
[0008] Specifically, in the rotational speed sensors, 
generally the tone wheel 11 is made from a magnetic 
material, and the sensor 14 faced to the tone wheel 11 
is comprised of a built-in permanent magnet and a stator 
of magnetic material and a coil wound around the stator 
to flow the magnetic flux from the permanent magnet 
through the stator. 

[0009] As the uneven section 12 rotates, the density 
of the magnetic flux flowing in the stator changes, so 
that the voltage generated in the coil 14 changes at a 
frequency proportional to the rotational speed. 
[0010] In order to increase the output of the sensor 14 
in the rotational speed sensor as constructed above, the 
magnet force of the permanent magnet is intensified, in 
other words, the density of the magnetic flux is in- 
creased, so that the large change in density of the mag- 
netic flux through the stator occur. 
[0011] However, if simply the magnetic force is inten- 
sified, the magnetic flux is saturated in the stator. With 
a saturation of magnetic flux, the changes in density of 
the magnetic flux through the stator is excessively re- 
duced in spite of the rotation of the uneven section 12, 
so that the output of the sensor 14 is reduced. Accord- 
ingly, when the magnetic force of the permanent magnet 
is intensified, the cross sectional area of the stator must 
also be enlarged, resulting in the large size of the sensor 
14. 

[0012] European Patent Publication No. 0431749 A 
discloses a compact sensor which can generate a large 
output by preventing the saturation of magnetic flux in 
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the sensor, the structure of which is shown in Fig.13and 
Fig.14. 

[001 3] The tone wheel 1 1 a rotating with a rotating ring 
is formed with an uneven section having recesses and 
lands in a gear-shape on its outer peripheral surface 
with the same pitch in a circumferential direction. 
[001 4] The sensor 1 4a comprises a stator 1 5 of mag- 
netic material disposed in a circumferential direction, a 
pair of permanent magnets 16a, 16b disposed on the 
opposite end portions of the stator 15, and a coil 17 
wound around the centra) portion of the stator 15. 
[001 5] The permanent magnets 1 6a, 1 6b are magnet- 
ized in a radial direction of the tone wheel 11a, so that 
the same poles (N pole in the illustrated example) are 
faced to the tone wheel 1 1 a. A magnetic field as shown 
in Fig.14 is formed around the sensor 14a. 
[0016] The phase of the permanent magnet 16a (lo- 
cated left in Figs. 1 3 and 1 4) with reference to the uneven 
section formed on the tone wheel 11a is half displaced 
from that of the permanent magnet 1 6a (located right in 
Figs. 13 and 14) with reference to the uneven section 
formed on the tone wheel 11a. Accordingly, at the same 
time that the permanent magnet 16a is faced to the 
lands on the outer peripheral surface of the tone wheel 
1 1 a, the permanent magnet 1 6b is faced to the recess- 
es. In this moment, the magnetic resistance between the 
permanent magnet 1 6a and the tone wheel 1 1 a is small- 
er than that between the permanent magnet 1 6b and 
the tone wheel 11a. Consequently, the magnetic field 
produced by the permanent magnet 1 6a is stronger than 
that by the permanent magnet 1 6b. On the contrary, as 
shown in Fig.14, at the moment where the permanent 
magnet 1 6a is faced to the recesses in the outer periph- 
eral surface of the tone wheel 1 1 a while the permanent 
magnet 16b is faced to the lands, the magnetic resist- 
ance between the permanent magnet 16a and the tone 
wheel 11a is larger than that between the permanent 
magnet 1 6b and the tone wheel 1 1 a. Consequently, the 
magnetic field produced by the permanent magnet 1 6a 
is strongerthan that produced by the permanent magnet 
16b. 

[0017] The magnetic fields produced by the pair of 
permanent magnets 16a, 16b on the opposite end por- 
tions of the stator 15 change alternatively, stronger and 
weaker, the density of the magnetic flux through the sta- 
tor 15 changes largely, so that specifically the central 
portion of the stator 1 5 experiences alternating magnet- 
ic fluxes through it. Consequently, the magnetic flux in 
the stator is hardly saturated, the voltage induced the 
winding of coil 17 around the stator 15 becomes large. 
[0018] The inventors of this invention confirmed 
through experiments that the output of the sensor 1 4a 
constructed as in Fig. 13 and 14, is larger than that of a 
common structure like the sensor 14 (Fig. 12) having a 
single permanent magnet. 

[0019] In the structure as disclosed in European Pat- 
ent Publication No. 0426298 A1 , the sensor is of an an- 
nular shape, so that the inner peripheral surface of the 


sensor is radially faced to the outer peripheral surface 
of the tone wheel along the whole circumference to ob- 
tain a larger output. This is shown in Fig. 15. 
[0020] In the rolling bearing unit with rotational speed 
5 sensor in this European Patent Publication, a cover 13 
is securely fitted into the opening at the axially inner end 
of the outer ring member 9, and an annular sensor 14b 
is securely supported in the inner peripheral surface of 
the cover 13, so that the inner peripheral surface of the 
w sensor 1 4b is radially faced to the outer peripheral sur- 
face of the tone wheel 11a along the whole circumfer- 
ence with a small clearance between them. 
[0021] The change in magnetic flux through the sen- 
sor 14b is enlarged in amount by the opposed relation- 
's ship throughout the circumference between the inner 
peripheral surface of the annular sensor 14b and the 
outer peripheral surface of the tone wheel 11a, so that 
the output of the sensor 14b is becomes large. 
[0022] Fig. 16 and Fig. 17 show a rolling bearing unit 
20 with rotational speed sensor as disclosed in HATSUMEI 
KYOKAI Technical Report Publication No. 94-16051. 
On the axially inner end portion of the inner-ring member 
4, there is a tone wheel 11b, whose base (left end in 
Figs. 1 6 and 1 7) is fitted around a portion axially spaced 
25 from the inner-ring raceway 2b. 

[0023] This tone wheel 1 1 b is made of magnetic metal 
plate such as steel, and is entirely annular or short-cy- 
lindrical. This tone wheel 11b comprises a smaller-diam- 
eter section 18, a larger-diameter section 19 and a 
30 stepped section 20 that are continuous and concentric 
with each other. 

[0024] This kind of tone wheel 11b is fixed to the inner- 
ring member 4, such that the larger-diameter section 1 9 
is fitted around the outer peripheral surface on the axi- 
35 ally inner end portion of the inner-ring member 4, so that 
the stepped section 20 comes in contact with the edge 
of the inner-ring member 4. Therefore the smaller-diam- 
eter section 18 is supported so that it is concentric with 
the inner-ring member 4. There are several through- 
40 holes 21 formed around this smaller-diameter section 
18 at equal intervals in the circumferential direction to 
form a rotating cutout section. Thus, the circumferential 
magnetic characteristics are alternatively changed at an 
equal interval. Each of these through-holes 21 are iden- 
45 tical and are rectangular shaped to extend in the axial 
direction (left and right in Figs. 16 and 17). 
[0025] The opening on the inside end portion of the 
outer-ring member 9 is covered by a cover 13. 
[0026] Disposed on the inner peripheral surface of 
50 this cover 1 3, is an annular-shaped sensor 1 4c which is 
embedded In a synthetic resin mass 22 in an annular 
shape. This sensor 1 4c comprises a permanent magnet 
16c, a stator 15a made of magnetic material such as 
steel plate, and a coil 17. By embedding the permanent 
55 magnet 1 6c, stator 1 5a and coil 1 7 in the synthetic resin 
mass 22, the sensor 1 4c can be made generally annular. 
[0027] Of these components which make up the sen- 
sor 14c, the permanent magnet 16c is formed so that it 
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is generally annular (ring shaped) and magnetized so 
that its magnetic orientation is in the radial direction. The 
inner peripheral surface of this permanent magnet 16c 
is faced, through a small clearance or gap 23, to the out- 
er peripheral surface of a base portion of the smaller- 
diameter section 18 of the tone wheel 11b where the 
holes 21 are not formed. 

[0028] The stator 15a is formed so that it is entirely 
annular and has a substantially J-shaped cross section. 
The inner peripheral surface on the axially outer end of 
the radially outer cylindrical section 24 of the stator 1 5a 
is very near or comes in contact with the outer peripheral 
surface of the permanent magnet 1 6c. Moreover, the in- 
ner peripheral surface of the radially inner cylindrical 
section 25 of the stator 15a is faced to a portion of the 
tone wheel 1 1 b where the holes 21 are formed. Further- 
more, a plurality of multiple stationary notches or cutouts 
26 are formed in the stationary cutout portion around the 
radially inner cylindrical section 25 of the stator 1 5a, so 
that they are located around the cylindrical section 25 
circumferentially with the same pitch as the holes 21 . 
The pitch is also referred to as center-angle pitch 
throughout the invention. Also, the radially inner cylin- 
drical section 25 is formed so that it is comb-toothed. 
[0029] The coil 1 7 is formed by winding a conductive 
wire around a non-magnetic bobbin 27 so that it is an- 
nular shaped, and it is located on the inner peripheral 
side of the radially outer cylindrical section 24 of the sta- 
tor 15a. The electromotive force (emf) generated in this 
coil 1 7 is output from a connector 28 that protrudes from 
the outer surface of the cover 13. 
[0030] When using the rolling-bearing unit with rota- 
tional speed sensor constructed as described above, as 
the tone wheel 11b rotates with the hub 1, the density 
of the magnetic flux flowing in the stator 15a p which is 
faced to the tone wheel 11b, changes, so that the volt- 
age generated in the coil 1 7 changes at a frequency that 
is proportional to the rotational speed of the hub 1 . 
[0031] The theory behind the change of voltage gen- 
erated in the coil 17 due to the change in density of the 
magnetic flux flowing in the stator 15a is the same as 
that applied for rotational speed sensors that have been 
widely used in the prior art. The reason that the density 
of the magnetic flux flowing in the stator 15a changes 
due to the rotation of the tone wheel 11b is described 
below. 

[0032] The holes 21 formed around the tone wheel 
11b and the notches or cutouts 26 formed around the 
stator 1 5a have the same pitch, so that as the tone wheel 
11b rotates, there are moments when they are all faced 
to each other at the same time. At the moment when 
these holes 21 and notches or cutouts 26 are faced to 
each other, the magnetic column sections located be- 
tween each pair of adjacent holes 21 and the magnetic 
tongue-shaped sections located between each pair of 
adjacent notches or cutouts 26 are faced to each other 
through a very small gap 23. When the magnetic column 
sections and magnetic tongue-shaped sections are 


faced to each other, the density of the magnetic flux flow- 
ing between the tone wheel 11b and the stator 15a is 
high. 

[0033] In contrast to this state, when the holes 21 and 
s notches or cutouts 26 are half out of phase, the density 
of the magnetic flux flowing between the tone wheel 1 1 b 
and the stator 1 5a becomes low. In other words, in this 
state, the holes 21 formed around the tone wheel 11b 
are faced to the tongue-shaped sections, while at the 
10 same time, the notches or cutouts 26 formed around the 
stator 15a are faced to the column sections. When the 
column sections are faced to the notches or cutouts 26 
and the tongue-shaped sections are faced to the holes 
21 , there is a comparatively large gap or clearance be- 
'5 tween the tone wheel 1 1 b and the stator 1 5a generally 
in the circumference. In this state, the density of the 
magnetic flux flowing between the tone wheel 11b and 
the stator 1 5a becomes low. As a result, the voltage gen- 
erated in the aforementioned coil 17 changes propor- 
tionally with the rotational speed of the hub 1 . 
[0034] By using a sensor 14c like described above, 
the output voltage generated in the coil 1 7 changes with 
a frequency proportional to the rotational speed of the 
hub 1, however there is an annular limited space that 
necessarily exists-in the opening end of the outer-ring 
member 8. It is possible to install this sensor 14c in this 
annular limited space, and it is possible to make the out- 
put of the sensor 1 4c sufficiently large enough to reliably 
detect the rotational speed of the hub 1 rotating together 
with the vehicle wheel. 

[0035] The permanent magnet 16c, stator 15a and 
coil 1 7, which make up the sensor 14c are all formed in 
an annular shape that entirely surrounds the tone wheel 
11b. Since the magnetic flux that comes from the per- 
manent magnet 16c flows ail the way around the stator 
15c, the amount of magnetic flux that flows inside the 
stator 1 5a can be made sufficiently large enough for this 
stator 1 5a. Thus the change in voltage in the coii 1 7 that 
corresponds to the change in density of the magnetic 
flux passing through the stator 15a, can be made large. 
[0036] In the three kinds of rotational speed sensors 
as shown in Fig.13 to Fig.17, the output of the sensors 
14a to 14c can be made larger than those of the rota- 
tional speed sensors as shown in Fig. 12. However, they 
can not follow to the requirement of much larger output. 
[0037] The sensor 14a in Figs. 13 and 14 has an op- 
timum size in length to obtain the maximum output, and 
the output may be lowered by simply elongating the cir- 
cumferential length. 

[0038] The basic construction of the sensor 14b, 14c 
as shown in Fig.1 5 to Fig. 1 7, is similar to those generally 
known in the prior art, wherein the magnetic flux flows 
in a single direction, not alternatively in the opposite di- 
rections, so that it is difficult to intensify the magnetic 
force of the permanent magnet to make the output larg- 
er. 

[0039] If the sensor 14a having a construction as 
shown in Figs.13 and 14 could be of an annular shape 
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sectional view of the tone wheel and sensor, for ex- 
plaining the conditions for changing magnetic flux 
in stator; 

Fig.5 is an enlarged cross-sectional view which is 
5 similar to Fig.2 to show a second embodiment of 
the invention; 

Fig.6(A) and Fig.6(B) are a partial enlarged cross- 
sectional view of the tone wheel and sensor, for ex- 
plaining the conditions for changing magnetic flux 
'0 in stator; 

Fig.7 is an enlarged cross-sectional view which is 
similar to of Fig,2 to show a third embodiment of the 
invention; 

Fig.8 is an enlarged cross-sectional view of the tone 
is wheel and sensor to show a fourth embodiment of 
the invention. 

Fig.9 is an enlarged perspective view of the stator 
to show a fifth embodiment of the invention. 
Fig.10 is a graph to show the relation between the 
20 sensor output and the ratio of the pitch of the S and 
N poles and notches to the thickness of the small 
clearance. 

Fig. 11 is a graph to show the relation between the 
axial displacement of the sensor and the sensor 
25 output. 

Fig. 12 is a cross sectional view of one example of 
the prior art rolling bearing unit with rotating speed 
sensor. 

Fig. 13 is a cross sectional view of second example 
30 of the prior art rolling bearing unit with rotating 
speed sensor. 

Fig. 14 is a partial cross sectional view of the em- 
bodiment of Fig. 13 showing the magnetic fields. 
Fig. 1 5 is a cross sectional view of third example of 
35 the prior art rolling bearing unit with rotating speed 
sensor. 

Fig. 1 6 is a cross sectional view of fourth example 
of the prior art rolling bearing unit with rotating 
speed sensor. 

Fig. 17 is an enlarged view of the portion XVII in Fig. 
16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 


as in the sensors 14b and 14c of Fig.15 to Fig.17, the 
combination of advantages of the sensors 14a, 14b and 
14c would lead to a sensor of larger output. However, it 
is not known in the art to combine the sensors 1 4a, 1 4b 
and 14c with their advantages kept. 
[0040] Finally, EP-A2-0 045 649 discloses a rolling 
bearing unit with a rotational speed sensor comprising 
a stationary ring, a cover, a rotating ring, a plurality of 
rolling bodies provided in roller bearings mounted be- 
tween the stationary ring and the rotating ring, an annu- 
lar magnetic tone wheel and a sensor comprising a pair 
of annular magnets provided concentric with the rotating 
ring and having poles with the same magnetic orienta- 
tion. 

[0041] The roiling bearing unit with rotational speed 
sensor of this invention is provided taking into consider- 
ation the situation explained above. 

SUMMARY OF THE INVENTION 

[0042] An object of the present invention is to provide 
a rolling bearing unit having a rotational speed sensor 
which can be installed in a limited space, and make the 
sensor output sufficiently large, so that the rotational 
speed of the member rotating with the rotating ring as- 
sembly is detected positively. 

[0043] Another object of the present invention is to 
provide a rolling bearing unit with rotational speed sen- 
sor comprising a tone wheel with a cutout section and 
a sensor having a pair of permanent magnets with pro- 
trusions/recesses and a stator such that the intensity of 
magnetic field generated by the pair of permanent mag- 
nets changes alternatively between the moment where 
the protrusions at one end of the permanent magnets 
are opposed to the cutout section and the moment 
where the protrusions at the other end of the permanent 
magnets are opposed to the cutout section, wherein the 
magnetic flux through the stator is hardly saturated, and 
the central portion of the stator experiences the alterna- 
tive magnetic flux so that a sufficiently large voltage is 
induced in the coil adjacent the stator, to make the sen- 
sor output large. 

[0044] These objects are solved by the features of the 
independent claims. Further embodiments of the 
present invention are defined in the dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] 

Fig. 1 is a cross sectional view of a first embodiment 
of the rolling bearing unit with rotating speed sensor 
in the present invention. 

Fig.2 is an enlarged view of the right side portion in 
Flg.1. 55 
Fig.3 is a perspective view of the permanent mag- 
net. 

Fig.4(A) and Fig.4(B) are a partial enlarged cross- 


[0046] Like the prior art rolling-bearing unit with rota- 
tional speed sensor described above, the rolling-bear- 
ing unit with rotational speed sensor of this invention 
comprises a stationary ring that has a stationary race- 
way on a first peripheral surface, a cover attached to the 
end of this stationary ring, a rotating ring that has a ro- 
tating raceway on a second peripheral surface opposed 
to the first peripheral surface of the stationary ring, a 
plurality of rolling bodies that rotate freely between the 
stationary raceway and the rotating raceway, an annular 
tone wheel made of magnetic material that is attached 
to the end of the rotating ring and which has a rotating 
cutout section having cutouts formed at equal intervals 
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all the way around in the circumferential direction, and 
an annular sensor that is supported inside the cover so 
that it is faced to the tone wheel. 
[0047] The sensor comprising a pair of annular or cy- 
lindrical permanent magnets concentric with the rotating 
ring, an annular or cylindrical statorof magnetic materia! 
magnetically connected with permanent magnets and 
provided concentric with the rotating ring, and an annu- 
lar or cylindrical coil provided concentric with the rotating 
ring and in the central portion of the stator. The ends 
having magnetic poles, which will also be referred to as 
being in magnetic orientation, of the pair of permanent 
magnets or the both ends of the stator are provided so 
as to sandwich the central portion of the stator to have 
the same pole and to be faced to the cutting section of 
the tone wheel with a small clearance therebetween. 
And, the pair of ends faced to the cutout section with the 
small clearance therebetween are formed with recess- 
es/protrusions with the same pitch as in the cutout sec- 
tion of the tone wheel, and wherein the phase of the re- 
cesses/protrusions formed in one of the pair of ends rel- 
ative to the cutout section is half displaced from the 
phase of the recesses/protrusions formed in the other 
of the pair of ends relative to the cutout section. 
[0048] Figs.1 to 4 show a first embodiment of the 
present invention. A hub 3 has an axially outer end por- 
tion which is formed with a flange 1 for wheel fixture on 
its outer peripheral face, a mid-portion which is formed 
with an inner ring raceway 2a (rotating raceway) and a 
step portion 29 on its outer peripheral face, and an axi- 
ally inner end portion on which an inner ring 4 is provided 
on its outer peripheral face so that an inner ring raceway 
2b (rotating raceway) is formed. The inner ring 4 is ex- 
ternally fitted to the outer peripheral face of the hub 3 
with an axially outer end face thereof (left end face in 
Fig.1) abutted against the step portion 29, thus consti- 
tuting a rotating ring assembly together with the hub 3. 
[0049] There is also the case where, instead of direct- 
ly forming the inner ring raceway 2a on the outer periph- 
eral face of the hub 3, it is formed as an inner ring (not 
shown) separate from the hub 3, and externally fitted to 
the hub 3 together with the inner ring 4. 
[0050] A threaded portion 5 is formed on the axially 
inner end portion of the hub 3. The inner ring 4 is fixed 
at a predetermined location on the outer peripheral face 
of the hub 3 by means of a nut 6 which is threaded onto 
the threaded portion 5 and tightened. 
[0051] An outer ring member or fixed ring member 9 
located around the hub 3 has a mid-portion which is pro- 
vided with an attachment portion 7 on an outer periph- 
eral face thereof, for fixing the outer ring member 9 to a 
suspension unit. An inner peripheral face of the outer 
ring member 9 is formed with respective outer ring mem- 
ber raceways or fixed raceways 8a, 8b opposite to the 
inner ring raceways 2a, 2b. 

[0052] A plurality of rolling bodies 1 0 are respectively 
provided between the two inner ring raceways 2a, 2b 
and the pair of outer ring member raceways 8a, 8b so 


that the hub 3 is rotatable inside the outer ring member 
9. 

[0053] In the case of a hub unit for heavy vehicles, 
tapered rollers are used for the rolling bodies instead of 
s the balls shown in Fig.1 . 

[0054] A seal ring 30 is fitted between the inner pe- 
ripheral face at the axially outer end of the outer ring 
member 9, and the outer peripheral face of the hub 3, 
to cover the opening at axially outer end of the space in 
io which the plurality of rolling bodies 1 0 are provided be- 
tween the inner peripheral face of the outer ring member 
9 and the outer peripheral face of the hub 3. 
[0055] A tone wheel 1 1 b similar to the tone wheels fit- 
ted to the conventional configurations shown in Figs. 16 
'5 and 17, has a base end (left end in Figs.1 and 2) which 
is externally fixed to a portion on an axially inner end 
(right end in Figs.1 and 2) of the inner ring 4 which is 
spaced from the inner ring raceway 2b. 
[0056] An opening at the axially inner end of the outer 
20 ring member 9 is covered with a cover 1 3 made for ex- 
ample by press forming a metal sheet of stainless steel, 
or aluminum alloy and the like into the form of a bot- 
tomed cylinder having a cylindrical portion 31 . 
[0057] A synthetic resin body 22 in which is embed- 
25 ded an annular sensor 14d (to be described later) is fix- 
edly retained within the cylindrical portion 31 . An open- 
ing at the axially inner end (right end in Figs.1 and 2) of 
the cylindrical portion 31 is covered with an end plate 
33. An outer peripheral face of a portion of the cylindrical 
30 portion 31 near the axially outer end (the left end in Figs. 
1 and 2) is formed with a brim 34. The axially outer end 
of the cylindrical portion 31 which protrudes axially from 
the brim 34, is internally fitted into the axially inner end 
portion of the outer ring member 9, with the brim 34 abut- 
as ted against the axially inner end face of the outer ring 
member 9. 

[0058] The cover 13 of the above construction is not 
used as a flow path for a magnetic flux from permanent 
magnets 35a, 35b constituting a sensor 14d (to be de- 

40 scribed hereunder), and is therefore preferably made 
from a non-magnetic material such as synthetic resin, 
aluminum alloy or copper. Accordingly when stainless 
steel plate is used, the use of a non-magnetic stainless 
steel is preferable from the point of view of preventing 

45 leakage of the magnetic flux. When with the object of 
reducing costs, the cover 13 is made of a magnetic ma- 
terial such as low carbon steel sheet, then the distance 
between the members constituting the sensor 14d and 
the inner face of the cover 1 3 must be made sufficiently 

so large. The synthetic resin body 22 in which is embedded 
the overall annular shaped sensor 14d is fixedly fitted 
inside this cover 13. 

[0059] The sensor 1 4d comprises a pair of permanent 
magnets 35a, 35b, a stator 36, and a coil 37, respec- 
ts tively formed in an annular or cylindrical shape. The sta- 
tor 36 is formed in a cylindrical shape from a magnetic 
material such as steel plate of sufficient thickness to 
avoid magnetic flux saturation. 
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[0060] A plurality of protrusions/recesses are formed 
on the inner peripheral faces of the respective perma- 
nent magnets 35a, 35b around the circumference with 
the same pitch (referred to as the central angle pitch 
throughout the whole of this specification) as that of 
through-holes 21 formed in the tone wheel 11b. The in- 
ner peripheral rims of the respective permanent mag- 
nets 35a, 35b are thus formed in a gear shape as shown 
in Fig.3. 

[0061 ] The permanent magnets 35a, 35b, are respec- 
tively magnetized diametrically in the same direction. 
For example, with the embodiment shown in Figs.1 to 
4, the inner peripheral faces of the permanent magnets 
35a, 35b are made south poles, while the outer periph- 
eral faces are made north poles. Moreover, the magnet- 
ized direction does not change around the circumferen- 
tial direction. The outer peripheral faces of the perma- 
nent magnets 35a, 35b are arranged close to or in con- 
tact with respective inner peripheral faces on opposite 
end portions of the stator 36, so that the permanent 
magnets 35a, 35b and the stator 36 are magnetically 
connected together. The magnetized direction may be 
opposite to that in the figures as desired or required. 
[0062] The inner peripheral rims of the pair of perma- 
nent magnets 35a, 35b are opposed, across a small gap 
23, to the portions of a small diameter portion 18 of the 
tone wheel 11b, specifically to the appropriately oppo- 
site ends of the through-holes 21 formed in the small 
diameter portion 18. 

[0063] The phase, relative to the through-holes 21 , of 
the recesses/protrusions on the inner peripheral rim of 
the permanent magnet 35a (the left one in Figs.1 , 2 and 
4) in the pair of permanent magnets 35a, 35b, is dis- 
placed by one half with respect to the phase, relative to 
the through-holes 21 , of the recesses/protrusions on the 
inner peripheral rim of the permanent magnet 35b (the 
right one in Figs.1 , 2 and 4). Therefore, with the present 
embodiment shown in Figs.1 to 4, the phases in the cir- 
cumferential direction of the pair of permanent magnets 
35a t 35b are displaced relative to each other by half the 
pitch of the recesses/protrusions. 
[0064] Accordingly, as shown in Fig.4(A), at the point 
in time when the protrusions 38 formed in the inner pe- 
ripheral rim of the permanent magnet 35a are faced to 
the columns 39 between the adjacent through-holes 21 , 
the recesses 40 formed in the inner peripheral rim of the 
permanent magnet 35b are faced to the columns 39. On 
the other hand, as shown in Fig.4(B), at the point in time 
when the recesses 40 formed in the inner-peripheral rim 
of the permanent magnet 35a are faced to the columns 
39, the protrusions 38 formed in the inner peripheral rim 
of the permanent magnet 35b are faced to the columns 
39. 

[0065] The respective through-holes 21 need not nec- 
essarily be formed in an elongate through-holes which 
is simultaneously faced to the pair of permanent mag- 
nets 35a, 35b. For example, as shown in Fig.8 (to be 
discussed later) they may be formed as short through- 


holes 21a in two rows in the portions faced to the per- 
manent magnets 35a, 35b, with no aperture in the por- 
tion faced to the inner peripheral face of the coil 37. In 
this way, distortion of the tone wheel 1 1 b when forming 
5 the through-holes can be minimized. 

[0066] If, as with the present embodiment, long 
through-holes are adopted in the arrangement for 
changing the magnetic resistance at the rims of the per- 
manent magnets 35a, 35b which are located at axially 
10 opposite ends of the cylindrical coil 37, then the through- 
holes must be long to correspond to the axial length of 
the coil 37, requiring a large press unit for forming the 
through-holes. On the other hand, if as mentioned 
above, the through-holes are separated into two rows 
15 of short through-holes, then the punching operation can 
be carried out with a low capacity press unit (small size 
and low cost). 

[0067] Moreover, displacement of the phase of the 
pair of permanent magnets 35a, 35b relative to the 
through-holes can be carried out on the side of tone 
wheel 11b. For example, with the phases of the pair of 
permanent magnets 35a, 35b adjusted around the pe- 
ripheral direction relative to each other, the phases of 
the through-holes formed in the two rows may be dis- 
placed by one half to displace the phases of the pair of 
permanent magnets 35a, 35b relative to the through- 
holes, as with the embodiment shown in the Figs.1 to 4. 
[0068] The coil 37 is internally fitted within the inner 
peripheral face at its central portion of the stator 36 and 
clamped from opposite axial ends by the pair of perma- 
nent magnets 35a, 35b, More specifically, the coii 37 is 
wound around the outer peripheral face of a bobbin 27. 
The bobbin 27 is made from a non-magnetic material 
such as synthetic resin and is formed in a C-shape in 
cross section with an open outer periphery. The coil 37 
with the bobbin 27 is fitted with this bobbin 27 inside the 
stator 36. 

[0069] Ends of lead wires of the coil 37 are taken out 
from the stator 36 through a hole formed in the outer 
peripheral surface of the stator 36, and connected to ter- 
minals in a connector 28 provided on the outside of the 
end plate 33. The electromotive force induced in the coil 
37 can thus be taken out by way of the connector 28. 
An opening is thus formed In a part of the end plate 33 
of the cover 13 at a portion where the connector 28 is 
fitted. A plug (not shown) on the end of a harness (not 
shown) for taking out the signal, is inserted into the con- 
nectors. The connector 28 which is formed from a syn- 
thetic resin material, is made by first forming the syn- 
thetic resin body 22 in which is embedded the sensor 
14d, and then after internally fitting the synthetic resin 
body 22 into the cover 13, forming a second synthetic 
resin portion on the outer face of the cover 1 3. 
[0070] During use of the speed sensing roll ing bearing 
unit according to the present invention constructed as 
described above, when the hub 3 and tone wheel 11b 
rotate together, an electromotive force which changes 
with a frequency proportional to the rotational speed of 
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the tone wheel 1 1 b, is induced in the coil 37 of the sensor 
14d which is faced to the small diameter portion 18 of 
the tone wheel 11b. The reason that an electromotive 
force is induced in the coil 37 with rotation of the tone 
wheel 11b is as follows: 

[0071] At first, as shown in Fig.4 (A), at the point in 
time wherein the protrusions 38 of the recesses/protru- 
sions formed on the inner peripheral rim of the perma- 
nent magnet 35a are opposed to the columns 39 be- 
tween the adjacent through-holes 21, the recesses 40 
of the recesses/protrusions formed in the inner periph- 
eral rim of the permanent magnet 35b are opposed to 
the columns 39, Accordingly, the magnetic resistance 
between the inner peripheral rim of the permanent mag- 
net 35a and the tone wheel 11b becomes smaller than 
that between the inner peripheral rim of the permanent 
magnet 35b and the tone wheel 11b. As a result, as 
shown by the arrows in Fig.4 (A), the magnetic field due 
to the permanent magnet 35a becomes stronger than 
that due to the permanent magnet 35b. Accordingly, a 
magnetic flux flows in the axially central portion of the 
stator 36 in a direction corresponding to the magnetic 
field due to the permanent magnet 35a (to the right in 
the example of Fig. 4(A)). 

[0072] On the other hand, as shown in Fig.4 (B), at 
the point in time wherein the recesses 40 of the recess- 
es/protrusions formed in the inner peripheral rim of the 
permanent magnet 35a are opposed to the columns 39, 
the protrusions 38 of the recesses/protrusions formed 
in the inner peripheral rim of the permanent magnet 35b 
are opposed to the columns 39. Accordingly, the mag- 
netic resistance between the inner peripheral rim of the 
permanent magnet 35a and the tone wheel 11b be- 
comes greater than that between the inner peripheral 
rim of the permanent magnet 35b and the tone wheel 
11b. As a result, as shown by the arrows in Fig.4 (B), 
the magnetic field due to the permanent magnet 35a be- 
comes weaker than that due to the permanent magnet 
35b. Accordingly, a magnetic flux flows in the axially 
central portion of the stator 36 in a direction correspond- 
ing to the magnetic field due to the permanent magnet 
35b (to the left in the example of Fig.4(B)). 
[0073] In this way, with the sensor 14d of the speed 
sensing rolling bearing unit of the present invention, the 
intensity of the magnetic field formed by the pair of per- 
manent magnets 35a, 35b changes alternately with ro- 
tation of the tone wheel 11b. Accordingly, the magnetic 
flux in the stator 36 is not susceptible to saturation, and 
flows as an alternating magnetic flux in the axially cen- 
tral portion of the stator 36. As a result, a sufficiently 
large voltage is induced in the coil 37 provided inside 
the inner periphery of the stator 36, giving a large output 
from the sensor 14d. 

[0074] The sensor 1 4d functions in the above manner, 
with the output voltage induced in the coil 37 changing 
significantly with a frequency proportional to the rota- 
tional speed of the hub 3. Moreover with this construc- 
tion there is a natural annularspace within the end open- 


ing portion of the outer ring member 9. The sensor 14d 
can thus be installed into this limited annular space, and 
also the output of the sensor 1 4d can be made even 
larger. That is to say, with the speed sensing rolling bear- 

s ing unit according to the present invention, the pair of 
permanent magnets 35a, 35b, the stator 36 and the coll 
37 which constitute the sensor 14d are arranged gener- 
ally circumferentialfy in the annular space. Moreover, 
the alternating magnetic flux around the whole periphery 

10 of the stator 36 flows simultaneously therearound. As a 
result, the amount of change in the alternating magnetic 
flux in the body of the sensor 14d becomes large ena- 
bling an even further increase in the output of the sensor 
14d, so that rotational speed detection of the vehicle 

is wheel which rotates together with the hub 3 can be more 
accurately carried out. 

[0075] Figs.5 and 6 show a second embodiment of the 
present invention. With this embodiment, a stator 36a 
of a sensor 1 4e is comprised of a single cylindrical mem- 
20 ber 41 and a pair of ring members 42a, 42b clamping 
axially opposite ends of the cylindrical member 41 . Inner 
peripheral rims of the pair of ring members 42a, 42b are 
formed with gear shaped recesses/protrusions in a sim- 
ilarmannerto the inner peripheral rims of the permanent 
25 magnets 35a, 35b in the beforementioned first embod- 
iment. The pitch of the recesses/protrusions is the same 
as that of the through-holes 21 formed in the small di- 
ameter portion 18 of the tone wheel 11b. 
[0076] Furthermore, the phase of the recesses/pro- 
30 trusions formed in the inner peripheral rim of the ring 
member 42a (the left one in Figs.5 and 6) is displaced 
by one half with respect to the phase of the recesses/ 
protrusions formed in the inner peripheral rim of the ring 
member 42b (the right one in Figs.5 and 6). Instead, with 
35 the phases of the recesses/protrusions in the inner pe- 
ripheral rims of the ring members 42a, 42b adjusted, the 
phases of through-holes faced to the respective inner 
peripheral rims may be displaced by one half, in a similar 
manner to that with the beforementioned first embodi- 
es ment. 

[0077] The pair of ring members 42a, 42b are 
clamped from axially opposite sides (left/right direction 
in Figs.5 and 6) between a pair of permanent magnets 
35a, 35b. The respective permanent magnets 35a, 35b 

4 5 which are formed in an annular shape, are magnetized 
in respective axial directions. Similar poles (for example 
north poles in Figs.5 and 6) of the respective permanent 
magnets 35a, 35b are abutted against the opposite side 
faces of the assembly of the ring members 42a, 42b and 

50 stator 36a, so that the permanent magnets 35a, 35b are 
magnetically connected to the stator 36a. A coii 37 is 
fitted inside the cylindrical member 41 , and clamped be- 
tween the ring members 42a, 42b. 
[0078] During use of the speed sensing rolling bearing 

55 unit constructed as described above, the hub 3 and tone 
wheel 1 1 b rotate together so that an electromotive force 
which changes with a frequency proportional to the ro- 
tational speed of the tone wheel 11b, is induced in the 
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coil 37 of the sensor 14e. 

[0079] At first, as shown in Fig. 6(A), at the point in 
time wherein the protrusions 38a of the recesses/pro- 
trusions formed in the inner peripheral rim of the -ring 
member 42a are opposed to the columns 39 between 
the adjacent through-holes 21 , the recesses 40a of the 
recesses/protrusions formed in the inner peripheral rim 
of the ring member 42b are opposed to the columns 39. 
Accordingly, the magnetic resistance between the inner 
peripheral rim of the ring member 42a and the tone 
wheel 1 1 b becomes smaller than that between the inner 
peripheral rim of the ring member 42b and the tone 
wheel 11b. As a result, as shown by the arrow in Fig.6 
(A), the magnetic flux due to the permanent magnets 
35a, 35b flows by way of the ring member 42a. Accord- 
ingly a magnetic flux flows towards the left in Fig.6(A), 
in the cylindrical member 41 constituting the axially cen- 
tral portion of the stator 36a. 

[0080] On the other hand, as shown in Fig.6(B), at the 
point in time wherein the recesses 40a of the recesses/ 
protrusions formed in the inner peripheral rim of the ring 
member 42a are opposed to the columns 39, the pro- 
trusions 38a of the recesses/protrusions formed in the 
inner peripheral rim of the ring member 42b are opposed 
to the columns 39. Accordingly, the magnetic resistance 
between the inner peripheral rim of the ring member 42a 
and the tone wheel 11b becomes greater than that be- 
tween the inner peripheral rim of the ring member 42b 
and the tone wheel 11b. As a result, as shown by the 
arrow in Fig.6(B), the magnetic flux due to the perma- 
nent magnets 35a, 35b flows by way of the ring member 
42b. Accordingly a magnetic flux flows towards the right 
in Fig. 6(B), in the cylindrical member 41 . 
[0081] In this way, the magnetic flux due to the pair of 
permanent magnets 35a, 35b, flows alternately in the 
cylindrical member 41 of the sensor 14e, with rotation 
of the tone wheel 11b. Accordingly, the magnetic flux in 
the stator 36a is not susceptible to saturation, and flows 
as an alternating magnetic flux in the cylindrical member 
41 of the stator 36a. As a result, a sufficiently large volt- 
age is induced in the coil 37 provided inside the cylin- 
drical member 41 , giving a large output from the sensor 
14e. 

[0082] With the example shown in Figs,6(A) and (B), 
an overall annular shaped stator 36a of C-shape in cross 
section comprises a single cylindrical member 41 as- 
sembled together with a pair of ring members 42a, 42b. 
However a stator 36a having such a shape may be 
formed as a single body from a magnetic material. In 
this case however care must be taken for easy assembly 
of the coil 37. It is necessary for example to bend one 
of the axial ends of the stator 36a inwards after assem- 
bling the coil 37. 

[0083] With the first and second embodiments, the 
sensors 14d, 14e are arranged around the tone wheel 
11b. However in contrast to this, the sensor may be ar- 
ranged radially inward of the tone wheel. By arranging 
the sensor radially inward of the tone wheel in this man- 


ner, the peripheral speed of the portion on the tone 
wheel in which the through-holes are formed may be in- 
creased, enabling an increase in sensor output. 
[0084] Fig.7 shows a third embodiment of the present 
5 invention. With this embodiment, a tone wheel 11c 
formed in an overall annular shape of L-shape in cross 
section, is externally fixed to the axially end portion of 
an inner ring 4. A disc portion 43 in an outward flange 
shape of the tone wheel 11c is formed with a plurality of 
10 cut-outs 44 at even spacing around the circumferential 
direction to form a cutout section. A pair of permanent 
magnets 45a, 45b of a sensor 14f, respectively magnet- 
ized in the axial direction (left/right direction in Fig.7), 
are arranged in concentric rings. One of the end faces 
is in magnetized direction of the respective permanent 
magnets 45a, 45b is faced to the disc portion 43 in the 
thrustwise direction across a small gap 23a. These end 
faces (left end in Fig.7) in magnetized direction are 
formed with recesses/protrusions in a gear shape, with 
the phase of the recesses/protrusions of the permanent 
magnet 45a displaced by one half with respect to the 
phase of the recesses/protrusions of the permanent 
magnet 45b. 

[0085] The other end faces (right end in Fig.7) in mag- 
netized direction of the permanent magnets 45a, 45b 
are abutted against opposite ends of an annular shaped 
stator 36b of C-shape in cross section. The magnetic 
poles of the permanent magnets 45a, 45b which are 
abutted with the corresponding faces of the stator 36b, 
are of the same polarity. A coil 37 is nested, that is dis- 
posed in a region surrounded by three sides formed by 
the pair of permanent magnets 45a, 45b and the stator 
36b. 

[0086] With the present embodiment constructed in 
this manner, a voltage which changes with a frequency 
proportional to the rotational speed of the tone wheel 
11c is induced in the coil 37 with rotation of the tone 
wheel 1 1 c, due to the same operation as for the first em- 
bodiment. 

[0087] Now, although not shown in the Figs.5 and 6, 
if there is surplus space in the diametric dimension 
where the tone wheel is located, then the arrangement 
direction of the components of the sensor 14e shown in 
Figs.5 and 6 can be changed from a thrustwise direction 
to a radial direction, so that the sensor is faced to the 
tone wheel in the thrustwise direction, as with the third 
embodiment of Fig.7. 

[0088] Fig.8 shows a fourth embodiment of the 
present invention. With this embodiment, from one to 
several tongues 46 are provided on inner peripheral 
rims at opposite ends of a synthetic resin bobbin 27a on 
which a coil 37 is wound. These tongues 46 are en- 
gaged, without circumferential play, with recesses 40 
formed in inner peripheral rims of permanent magnets 
35a, 35b of a sensor 14g. By engaging the pair of per- 
manent magnets 35a, 35b in this manner by means of 
the bobbin 27a, then when embedding the sensor 14g 
in the synthetic resin body 22 (see FIGS 1,2), displace- 
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ment of the phase of the permanent magnets 35a, 35b 
in the circumferential direction from the desired condi- 
tion can be avoided. Therefore, with the embodiment in 
Fig. 8, the phase of the tongues 46 at the opposite end 
faces of the bobbin 27a, is displaced by half the pitch in 5 
the circumferential direction, of the recesses 40 formed 
in the pair of permanent magnets 35a, 35b. 
[0089] The required number of tongues 46 in the op- 
posite ends of the bobbin 27a is a minimum of one at 
each end face, up to a maximum of the number of re- io 
cesses 40. Preferably the number of the tongues 46 
should be the minimum so long as the phase of the per- 
manent magnets 35a, 35b is reliably controlled at the 
desired condition, and the width should be narrow. This 
is so that the gap between the opposite ends of the bob- is 
bin 27a and the side faces of the permanent magnets 
35a, 35b is sufficiently maintained so that, at the time of 
embedding the sensor 14g within the synthetic resin 
body 22, the unset resin can flow smoothly into the re- 
gion of the coil 37, whereby defects such as voids do 20 
not occur in the synthetic resin body 22. 
[0090] In Fig.8, with the phases of the recesses 40 of 
the permanent magnets 35a, 35b adjusted, the phases 
of the through-holes 21 a may be displaced by one half, 
as mentioned beforehand. Of course in this case the cir- 25 
cumferential direction phases of the tongues 46 at the 
opposite ends of the bobbin 27a are made to agree with 
each other. 

[0091] Now with the respective embodiments shown 
in the figures, since the present invention is shown ap- 30 
plied to a bearing unit for supporting a non driven wheel 
(front wheel of a rear wheel drive vehicle, or rear wheel 
of a front wheel drive vehicle) , then the cover 1 3 for sup- 
porting the sensors 14d through 14f is formed with the 
inner end sealed. However, the present invention is not 35 
limited to bearing units used for non driven wheels, and 
is also applicable to bearing units for driving or driven 
wheels (rear wheel of a rear wheel drive vehicle, or front 
wheel of a front wheel drive vehicle). When the present 
invention is applied to a bearing unit for a driving or driv- 40 
en wheel, then the cover is formed in a ring shape, with 
an aperture provided in a central portion for insertion of 
part of a constant velocity joint. Moreover, the hub will 
be of a cylindrical shape with female splines formed in 
the inner peripheral face for engaging with male splines 
on the outer peripheral face of the drive shaft. 
[0092] The present invention may also be applied to 
rolling bearing units with the inner ring fixed and the out- 
er ring member rotating. Naturally in this case, the tone 
wheel will be provided on the outer ring member, and 
the cover and the sensor provided on the inner ring as- 
sembly. 

[0093] Furthermore, an arrangement is also possible 
wherein at one axial end of the sensor, the tone wheel 
and the permanent magnets are faced to each other, 
such as with the first embodiment shown in Figs.1 to 4, 
while at the other axial end, the tone wheel and the stator 
are faced to each other, such as with the second em- 


bodiment shown in Figs. 5 and 6. 
[0094] So long as the stators of the sensors of the re- 
spective embodiments have the magnetic flux flowing 
in the axial direction, they need not be made In a com- 
pletely cylindrical shape (of closed cross section). For 
example, the sensor may be made using a stator 36c of 
Fig. 9, which shows a fifth embodiment of the present 
invention. This stator 36c is made by roiling a magnetic 
metal plate such as low carbon steel plate into a round 
tube having a slit to be of C-shape in cross section. A 
stator 36c of such a shape differs from the fully cylindri- 
cal shaped stator in that it can be made at low cost by 
a simple process involving merely rolling a steel sheet, 
without the need for a difficult deep drawing process. In 
addition, after rolling the magnetic metal plate to a pre- 
determined diameter, the non-connected portion can be 
welded at intervals by spot welding (for example at one 
or two points) to maintain the dimensions. While there 
is no objection to welding the non-connected portion 
along the full length, this will increase cost. Instead of 
welding, the inner diameter in the free condition may be 
made a little smaller than a predetermined value so that 
the permanent magnets 35a, 35b (see Figs.1 and 2) in- 
ternally fit into the stator 36c with the inner diameter of 
the stator 36c resiliently expanded thereby. In this case, 
the outer peripheral faces of the respective permanent 
magnets 35a, 35b and the inner peripheral faces at op- 
posite ends of the stator 36c can be resiliently contacted 
together without undue force. The magnetic resistance 
between the permanent magnets 35a, 35b and the sta- 
tor 36c can therefore be minimized. 
[0095] When as with the present invention, the mag- 
netized direction of the permanent magnets in the sen- 
sor does not change around the whole circumference, 
then compared to configurations wherein this does 
change, the rotational speed detection accuracy can be 
improved. Also the manufacture of the permanent mag- 
nets 35a, 35b can be simplified and the cost of parts 
reduced. 

[0096] The theory related to the improvement in rota- 
tional speed detection accuracy with the construction 
wherein the magnetized direction of the permanent 
magnet does not change around the circumference, will 
now be explained. In the case wherein south and north 
poles are arranged alternately around the circumfer- 
ence, it is necessary to minimize the flux flowing directly 
between the adjacent south and north poles (i.e. not via 
the tone wheels). For example, when the ratio (i.e. P/T) 
between the pitch in the circumferential direction of the 
alternately repeating south and north poles, and the 
thickness T of the small gap between the end face in 
magnetized direction of the permanent magnet and the 
tone wheel is small, then the proportion of flux flowing 
directly from the north poles to the adjacent south poles 
is large. 

[0097] Fig.1 0 shows the inventor's test results of the 
effects of the aforementioned ratio (P/T) on the output 
voltage of the sensor when using a permanent magnet 
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whose magnetic orientation changes in the circumfer- 
ential direction. In Fig. 10, when the aforementioned ra- 
tio (P/T) is 10, the output voltage of the sensor is 1.0, 
and the figure shows the size of the output when this 
ratio (P/T) is changed. As can be clearly seen from Fig. 
10, the output voltage drops suddenly when the ratio (P/ 
T) is 6.5. 

[0098] The thickness T of the small gap between the 
end face in magnetic orientation of the permanent mag- 
net and the tone wheel must be at least 0.6 mm. This is 
to prevent any contact between the sensor and the tone 
wheel regardless of the elastic deformation of the com- 
ponents that occurs when the bearing unit is operating. 
Also, the pitch P of alternating South and North poles 
on the end face in magnetic orientation of the permanent 
magnet (equal to the pitch of the notches formed on the 
tone wheel), must be at less 3.9 mm (0.6 mm x 6.5) in 
order to obtain sufficient output. 
[0099] If this pitch P is large (3.9 mm or more), it is 
not possible to have a large number of North and South 
poles in the circumferential direction, or a large number 
of cutouts in the tone wheel. If it is not possible to have 
a large number of North or South poles and cutouts, the 
number of times the output changes per rotation of the 
wheel becomes small (the interval between output 
changes becomes large), and it is not possible to accu- 
rately detect the rotational speed at slow speeds. In oth- 
er words, the precision of the rotational speed detector 
becomes low. 

[0100] In contrast to this, if the construction is such 
that the magnetic orientation of the permanent magnet 
does not change in the circumferential direction, most 
of the magnetic flux flows through the tone wheel even 
though the pitch of the rotating cut-out section and sta- 
tionary cut-out section is less than 3.9 mm. As a result, 
the characteristics differ from those shown in Fig. 10, 
and even if the pitch of the cut-out sections is less than 
3.9 mm, there is no sudden drop in output. Also, it is 
possible to improve the precision for detecting the rpm 
by decreasing the pitch of these cut-out sections. 
[0101] In each of the embodiments of the invention 
described above, in order to detect the rotational speed 
accurately, it is best if the maximum density of the mag- 
netic flux flowing from the end in the magnetized direc- 
tion of the permanent magnet and through the stator and 
tone wheel be at least 1 000 Gauss. The reason for this 
is as follows. The sensor that makes up the rotational 
speed detector built into the bearing unit is exposed to 
constant external magnetic fields and to the residual 
magnetism of the components of the bearing unit. In or- 
der to detect the rotational speed accurately, it is nec- 
essary to make the effect of these external magnetic 
fields and residual magnetism as small as possible. 
[0102] The errors in pitch of the notches and holes 
formed on the rotating and stationary cut-out sections, 
and the protrusions etc. must be within 1 to 2%. Also, it 
is best if the effects due to external magnetic fields and 
residual magnetism be held within 1 to 2% in order to 


accurately detect the rotational speed. In regards to this, 
the normal residual magnetism in the inner ring and out- 
er ring member of the bearing unit is about 10 Gauss, 
Therefore, In order to keep the effects of this residual 
5 magnetism within 1%, it is best if the maximum density 
of the magnetic flux be about 1 000 Gauss. For construc- 
tion where the magnetic orientation of the permanent 
magnet does not change in the circumferential direction, 
there is no real problem even if the maximum density of 
10 the magnetic flux is 1 000 Gauss or more. In contrast to 
this, for construction where the North and South poles 
alternate in the circumferential direction, if the maximum 
density of the magnetic flux is increased, the percentage 
of the magnetic flux flowing directly between adjacent 
'5 North and South poles becomes large, and the output 
of the sensor becomes smaller. From this point as weil, 
in order to accurately detect the rotational speed, it is 
desirable that the magnetic orientation of the permanent 
magnet does not change in the circumferential direction. 
20 [01 03] Furthermore, in the case of the construction of 
this invention, where an annular-shaped sensor is used 
and the peripheral surface of this sensor is generally 
faced to the peripheral surface of the tone wheel, the 
output of the sensor is stable regardless of the displace- 
25 ment of the sensor with respect to the tone wheel. In 
other words, in the prior art construction, as in Fig. 12 to 
Fig. 14, the output of the sensor changed as shown by 
the dotted line "a" in Fig. 11 , due to the displacement of 
the sensor with respect to the tone wheel. In contrast to 
30 this, when an annular-shaped sensor is used, the output 
of the sensor changes as shown by the solid line "b" of 
Fig. 11 , due to the displacement of the sensor with re- 
spect to the tone wheel. As can be clearly seen from 
Fig. 11 , in the construction of this invention which uses 
35 an annular-shaped sensor, it is possible to stabilize the 
output of the sensor. The reason for this is that when the 
distance between the peripheral surface of the sensor 
and the surface of the tone wheel becomes small in one 
portion it becomes large in another portion, thus there 
40 are no large effects on the output of the sensor as a 
whole. 

[0104] The rolling bearing unit with rotational speed 
detector of this invention, constructed and used as de- 
scribed above, reduces the dimensions in the axial di- 
45 rection, and thus it can be installed in the limited space 
of a compact-sized automobile, simplifying the vehicle 
design. Moreover, in the case of rolling bearing unit with 
rotational speed sensor of this invention, the output of 
the sensor is made larger, making it possible to improve 
so the accuracy and reliability of detecting the rotational 
speed of the automobile wheel supported by the rolling 
bearing. 


Claims 

1 . A rolling-bearing unit with a rotational speed sensor 
comprising a stationary ring (9) that has an axial end 
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and a first peripheral surface formed with a station- 
ary raceway (8a t 8b) thereon, a cover (13) attached 
to the axial end of this stationary ring (9), a rotating 
ring (4) that has an axial end and a second periph- 
eral surface opposed to the first peripheral surface 5 
and formed with a rotating raceway (2a, 2b) there- 
on, a plurality of rolling bodies (1 0) that rotate freely 
between the stationary raceway (8a, 8b) and the ro- 
tating raceway (2a, 2b), an annular magnetic tone 
wheel (11b) that is attached to the axial end of the 10 
rotating ring (4) and has a rotating cutout section 
(18) having cutouts (21) formed at equal intervals 
with a pitch all the way around in the circumferential 
direction, and a sensor (14d) that is supported in- 
side the cover (13) so as to be faced to the tone *s 
wheel (11b), 

the sensor (14d) comprising a pair of annular 
or cylindrical permanent magnets (35a, 35b) 
provided concentric with the rotating ring (4) 20 
and having magnetic poles, an annular or cy- 
lindrical stator (36) of magnetic material mag- 
netically connected with the permanent mag- 
nets (35a, 35b) and provided concentric with 
the rotating ring (4) and an annular orcylindrical 25 
coil (37) provided concentric with the rotating 
ring (4) and in the central portion of the stator 
(36), 

the ends with the same magnetic pole of the 30 
pair of permanent magnets faced to the cutout 
section (1 8) of the tone wheel (11b) with a small 
clearance therebetween, and formed with re- 
cesses (40) and protrusions (38) with the same 
pitch as in the cutout section (18) of the tone 35 
wheel (11b), and wherein the phase of the re- 
cesses (40) and protrusions (38) formed in one 
of the ends with the same pole relative to the 
cutout section (18) is half displaced from the 
phase of the recesses (40) and protrusions (38) 40 
formed in the other of the ends with the same 
pole relative to the cutout section (18). 

2. The rolling-bearing unit of Claim 1 , wherein the pitch 

of the cutouts (21) and of the recesses (40) and pro- 45 
trusions (38) is up to 3.9 mm. 

3. The rolling-bearing unit of any one of Claims 1 and 
2, wherein the magnetic flux flowing from one mag- 
netic pole of the permanent magnet (35a, 35b) to so 
the stator (36) and the tone wheel (1 1 b) has a max- 
imum density over 1000 Gauss. 

4. A rolling-bearing unit with a rotational speed sensor 
comprising a stationary ring (9) that has an axial end ss 
and a first peripheral surface formed with a station- 
ary raceway (8a, 8b) thereon, a cover (13) attached 

to the axial end of this stationary ring (9), a rotating 


ring (4) that has an axial end and a second periph- 
eral surface opposed to the first peripheral surface 
and formed with a rotating raceway (2a, 2b) there- 
on, a plurality of rolling bodies (10) that rotate freely 
between the stationary raceway (8a, 8b) and the ro- 
tating raceway (2a, 2b), an annular magnetic tone 
wheel (11b) that is attached to the axial end of the 
rotating ring (4) and has a rotating cutout section 
(18) having cutouts (21) formed at equal intervals 
with a pitch all the way around in the circumferential 
direction, and a sensor (14e) that is supported in- 
side the cover (13) so as to be faced to the tone 
wheel (11b), 

the sensor (14e) comprising a pair of annular 
or cylindrical permanent magnets (35a, 35b), 
provided concentric with the rotating ring (4), 
and having magnetic poles, an annular or cy- 
lindrical stator (36a) with two sets of ends made 
of magnetic material in magnetic communica- 
tion with the permanent magnets (35a, 35b) 
and provided concentric with the rotating ring 
(4) and an annular or cylindrical coil (37) pro- 
vided concentric with the rotating ring (4) and 
in the central portion of the stator (36a), 

the ends with the same magnetic pole of the 
pair of permanent magnets (35a, 35b) abutted 
to the respective set of ends of the stator (36a) 
which are faced to the cutout section (1 8) of the 
tone wheel (11b) with a small clearance there- 
between, and, the ends of the stator (36a) faced 
to the cutout section (1 8) with a small clearance 
therebetween formed with recesses (40a) and 
protrusions (38a) with the same pitch as in the 
cutout section (1 8) of the tone wheel (11b), and 
wherein the phase of the recesses (40a) and 
protrusions (38a) formed in one set of the ends 
of the stator (36a) relative to the cutout section 
(1 8) is half displaced from the phase of the re- 
cesses (40a) and protrusions (38a) formed in 
the other set of the ends of the stator (36a) rel- 
ative to the cutout section (18). 

5. The rolling-bearing unit of Claim 4, wherein the pitch 
of the cutouts (21) and of the recesses (40a) and 
protrusions (38a) is up to 3.9 mm. 

6. The rolling-bearing unit of any one of Claims 4 and 
5, wherein the magnetic flux flowing from one mag- 
netic pole of the permanent magnet (35a, 35b) to 
the stator (36a) and the tone wheel (1 1 b) has a max- 
imum density over 1000 Gauss. 


PatentansprUche 

1 . Walzlagereinheit mit einem Drehgeschwindigkeits- 
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sensor mit einem festen Ring (9), der ein axiales 
Ende und eine erste Umfangsflache aufweist, die 
mit einem festen Laufring (8a, 8b) daran ausgebil- 
det ist, einer Abdeckung (13), die an das axiale En- 
de dieses festen Ringes (9) angebracht ist, einem s 
sich drehenden Ring (4), der ein axiales Ende und 
eine zweite Umfangsflache aufweist, die der ersten 
Umfangsflache gegenuberliegt und mit einem sich 
drehenden Laufring (2a, 2b) daran ausgebildet ist, 
mehreren Drehkorpern (10), die sich frei zwischen 10 
dem festen Laufring (8a, 8b) und dem sich drehen- 
den Laufring (2a, 2b) drehen, einem ringformigen 
magnetischen Einstimmungsrad (11b), das an das 
axiale Ende des sich drehenden Ringes (4) ange- 
bracht ist, und einen sich drehenden Ausschnittbe- '5 
reich (18) aufweist, der Ausschnitte (21) aufweist, 
die bei gleichen Abstanden mit einer Teilung urn 
den gesamten Umfang in der Umfangsrichtung aus- 
gebildet sind, und einem Sensor (14d), der inner- 
halb der Abdeckung (13) derart getragen wird, dass 20 
er zu dem Einstimmungsrad (11b) gerichtet ist, 

wobei der Sensor (14d) zwei ringformige oder 
zylindrische Permanentmagneten (35a, 35b), 
die konzentrisch mit dem sich drehenden Ring 25 
(4) vorgesehen sind und magnetische Pole auf- 
weisen, einen ringformigen oder zylindrischen 
Stator (36) aus magnetischem Material, der 
magnetisch mit den Permanentmagneten (35a, 
35b) verbunden ist und konzentrisch mit dem 30 
sich drehenden Ring (4) vorgesehen ist, und ei- 
ne ringformige oder zylindrische Spule (37) auf- 
weist, die konzentrisch mit dem sich drehenden 
Ring (4) und in dem mittleren Bereich des Sta- 
tors (36) vorgesehen ist, 35 

wobei die Enden mit dem gleichen magneti- 
schen Pol der beiden Permanentmagneten zu 
dem Ausschnittbereich (18) des Einstim- 
mungsrades (11b) mit einem kleinen Zwischen- 40 
raum dazwischen gerichtet sind, und mit Aus- 
nehmungen (40) und Vorsprungen (38) mit der 
gleichen Teilung wie bei dem Ausschnittbereich 
(18) des Einstimmungsrades (1 1 b) ausgebildet 
sind, und wobei die Phase der Ausnehmungen *5 
(40) und Vorsprunge (38), die in einem der En- 
den mit dem gleichen Pol bezugllch des Aus- 
schnittbereiches (18) ausgebildet sind, halb 
von der Phase der Ausnehmungen (40) und 
Vorsprunge (38) versetzt sind, die in den ande- so 
ren der Enden mit dem gleichen Pol bezuglich 
des Ausschnittbereiches (1 8) ausgebildet sind. 

2. Walzlagereinheit nach Anspruch 1 , wobei die Tei- 
lung der Ausschnitte (21 ) und der Ausnehmungen ss 
(40) und Vorsprunge (38) bis zu 3,9 mm betragt. 

3. Walzlagereinheit nach Anspruch 1 oder 2, wobei 


der magnetische Fluss, der von einem magneti- 
schen Pol des Permanentmagneten (35a, 35b) zu 
dem Stator (36) und dem Einstimmungsrad (11b) 
flieBt, eine maximale Dichte fiber 1000 Gauss auf- 
weist. 

4. Walzlagereinheit mit einem Drehgeschwindigkeits- 
sensor mit einem festen Ring (9), der ein axiales 
Ende und eine erste Umfangsflache aufweist, die 
mit einem festen Laufring (8a, 8b) daran ausgebil- 
det ist, einer Abdeckung (13), die an das axiale En- 
de dieses festen Ringes (9) angebracht ist, einem 
sich drehenden Ring (4), der ein axiales Ende und 
eine zweite Umfangsflache aufweist, die der ersten 
Umfangsflache gegenuberliegt und mit einem sich 
drehenden Laufring (2a, 2b) daran ausgebildet ist, 
mehreren Drehkorpern (10), die sich frei zwischen 
dem festen Laufring (8a, 8b) und dem sich drehen- 
den Laufring (2a, 2b) drehen, einem ringformigen 
magnetischen Einstimmungsrad (11b), das an das 
axiale Ende des sich drehenden Ringes (4) ange- 
bracht ist, und einen sich drehenden Ausschnittbe- 
reich (18) aufweist, der Ausschnitte (21) aufweist, 
die bei gleichen Abstanden mit einer Teilung urn 
den gesamten Umfang in der Umfangsrichtung aus- 
gebildet sind, und einem Sensor (14e), der inner- 
haib der Abdeckung (13) derart getragen wird, dass 
erzu dem Einstimmungsrad (11b) gerichtet ist, 

wobei der Sensor (14e) zwei ringformige oder 
zylindrische Permanentmagneten (35a, 35b), 
die konzentrisch mit dem sich drehenden Ring 
(4) vorgesehen sind und magnetische Pole auf- 
weisen, einen ringformigen oder zylindrischen 
Stator (36a) mit zwei Satzen von Enden, die 
aus magnetischem Material, in magnetischer 
Verbindung mit den Permanentmagneten (35a, 
35b) ausgefuhrtsind, und konzentrisch mit dem 
sich drehenden Ring (4) vorgesehen sind, und 
eine ringformige oder zylindrische Spule (37) 
aufweist, die konzentrisch mit dem sich drehen- 
den Ring (4) und in dem mittleren Abschnitt des 
Stators (36a) vorgesehen ist, 

wobei die Enden mit dem gleichen magneti- 
schen Pol der beiden Permanentmagneten 
(35a, 35b) an den jeweiligen Satz von Enden 
des Stators (36a) anstoBen, die zu dem Aus- 
schnittbereich (18) des Einstimmungsrades 
(11b) mit einem kleinen Zwischenraum dazwi- 
schen gerichtet sind, und wobei die Enden des 
Stators (36a), die zu dem Ausschnittbereich 
(18) mit einem kleinen Zwischenraum dazwi- 
schen gerichtet sind, mit Ausnehmungen (40a) 
und Vorsprungen (38a) mit der gleichen Teilung 
wie bei dem Ausschnittbereich (18) des Ein- 
stimmungsrades (11b) ausgebildet sind, und 
wobei die Phase der Ausnehmungen (40a) und 
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der Vorsprunge (38a), die in einem Satz der En- 
den des Stators (36a) bezuglich des Aus- 
schnittbereichs (18) ausgebildet sind, halb von 
der Phase der Ausnehmungen (40a) und der 
Vorsprunge (38a), die in dem anderen Satz der 
Enden des Stators (36a) bezuglich des Aus- 
schnittbereichs (18) ausgebildet sind, versetzt 
sind. 

5. Walzlagereinheit nach Anspruch 4, wobei die Tei- 
lung der Ausschnitte (21) und der Ausnehmungen 
(40a) und Vorsprunge (38a) bis zu 3,9 mm betragt. 

6. Walzlagereinheit nach einem der Anspruche 4 oder 
5, wobei der magnetische Fluss, der von einem ma- 
gnetischen Pol des Permanentmagneten (35a, 
35b) zu dem Stator (36a) und dem Einstimmungs- 
rad (11b) flieBt, eine maximale Dichte uber 1000 
Gauss aufweist. 


Revendicatlons 

1 . Palier a roulement comportant un capteur de Vites- 
se de rotation comprenant une bague fixe (9) qui 
presente une extremite axiale et une premiere sur- 
face peripherique munie d'un chemin de roulement 
fixe (8a, 8b) sur celle-ci, un cache (13) fixe sur I'ex- 
tremit6 axiale de cette bague fixe (9), une bague 
tournante (4) qui comporte une extremite axiale et 
une seconde surface peripherique opposee a la 
premiere surface peripherique et munie d'un che- 
min de roulement tournant (2a, 2b) sur celle-ci, une 
plurality de corps roulants (10) qui tournent libre- 
ment entre le chemin de roulement fixe (8a, 8b) et 
le chemin de roulement tournant (2a, 2b), une roue 
codeuse magnetique annulaire (11b) qui est fix6e 
sur l'extremit§ axiale de la bague tournante (4) et 
comporte une section de decoupes tournante (18) 
comportant des decoupes (21 ) formees a des inter- 
venes egaux presentant un pas tout autour de la di- 
rection circonferentielle, et un capteur (14d) qui est 
supporte a I'interieur du cache (13) de facon a etre 
face a la roue codeuse (11b), 

le capteur (14d) comprenant une paire 
d'aimants permanents annulaires ou cylindri- 
ques (35a, 35b) disposes de facon concentri- 
que a la bague tournante (4) et comportant des 
pdles magnetiques, un stator annulaire ou cy- 
lindrique (36) en materiau magnetique relie ma- 
gnetiquement aux aimants permanents (35a, 
35b) et dispose de facon concentrique a la ba- 
gue tournante (4) et un bobinage annulaire ou 
cylindrique (37) dispose de facon concentrique 
a la bague tournante (4) et dans la partie cen- 
trale du stator (36), 

les extremites de meme p6le magnetique de la 


paire d'aimants permanents etant face a la sec- 
tion de decoupes (1 8) de la roue codeuse (11b) 
avec un petit jeu entre eel les-ci, etmunies d'evi- 
dements (40) et de saillies (38) presentant le 


10 


meme pas que dans la section de decoupes 
(18) de la roue codeuse (11b), et dans lequel 
la phase des evi dements (40) et des saillies 
(38) formes dans I'une des extremites de meme 
p6le par rapport a la section de decoupes (18) 
est decalee de moitie par rapport a la phase 
des evidements (40) et des saillies (38) formes 
dans I'autre des extremites de meme p6le par 
rapport a la section de decoupes (1 8). 

'5 2. Palier a roulement selon la revendication 1, dans 
lequel le pas des decoupes (21) ainsi que des evi- 
dements (40) et des saillies (38) va jusqu'a 3,9 mm. 

3. Palier a roulement selon I'une quelconque des re- 
20 vendications 1 et 2, dans lequel le flux magnetique 

s'ecoulant depuis un pdle magnetique des aimants 
permanents (35a, 35b) vers le stator (36) et la roue 
codeuse (11b) presente une densite maximum d6- 
passant 1 000 gauss. 

25 

4. Palier a roulement comportant un capteur de Vites- 
se de rotation comprenant une bague fixe (9) qui 
comporte une extremite axiale et une premiere sur- 
face peripherique munie d'un chemin de roulement 

30 fixe (8a, 8b) sur celle-ci, un cache (1 3) fixe sur I'ex- 
tremite axiale de cette bague fixe (9), une bague 
tournante (4) qui comporte une extremite axiale et 
une seconde surface peripherique opposee a la 
premiere surface peripherique et munie d'un che- 

35 min de roulement tournant (2a, 2b) sur celle-ci, une 
pluralite de corps roulants (10) qui tournent libre- 
ment entre le chemin de roulement fixe (8a, 8b) et 
le chemin de roulement tournant (2a, 2b), une roue 
codeuse magnetique annulaire (11b) qui est fix6e 

*o sur I'extremite axiale de la bague tournante (4) et 
qui comporte une section de decoupes tournante 
(18) comportant des decoupes (21) formees a des 
intervalles egaux avec un pas tout autour de la di- 
rection circonferentielle, et un capteur (14e) qui est 

« supporte a I'interieur du cache (13) de facon a dtre 
mis en face de la roue codeuse (11b) ( 

le capteur (14e) comprenant une paire 
d'aimants permanents annulaires ou cylindri- 

50 ques (35a, 35b), disposes de facon concentri- 

que a la bague tournante (4), et comportant des 
pdles magnetiques, un stator annulaire ou cy- 
lindrique (36a) comprenant deux ensembles 
d'extremites farts de materiau magnetique en 

55 communication magnetique avec les aimants 

permanents (35a, 35b) et dispose de facon 
concentrique a la bague tournante (4) et un bo- 
binage annulaire ou cylindrique (37) dispose de 
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facon concentrique k la bague tournante (4) et 
dans ia partie centrale du stator (36a), 
les extremites presentant le meme p6le ma- 
gnetique de la paire d'aimants permanents 
(35a, 35b) etant en butee sur I'ensemble res- 5 
pectif d'extremites du stator (36a) qui sont mi- 
ses en face de ta section de decoupes (18) de 
la roue codeuse (11b) avec un petit jeu entre 
celles-ci, et les extremites du stator (36a) mises 
en face de la section de decoupes (1 8) avec un 10 
petit jeu entre celles-ci etant munies d'evide- 
ments (40a) et de saillies (38a) presentant le 
mdme pas que dans la section de decoupes 
(18) de la roue codeuse (11b), et dans lequel 
la phase des evidements (40a) et des saillies '5 
(38a) formes dans un ensemble des extremites 
du stator (36a) par rapport k la section de de- 
coupes (1 8) est deplacee de moitie par rapport 
k la phase des evidements (40a) et des saillies 
(38a) formes dans I'autre ensemble des extre- 20 
mites du stator (36a) par rapport k la section de 
decoupes (18). 

Palier a roulement selon la revendication 4, dans 
iequel le pas des decoupes (21) ainsi que des evi- 25 
dements (40a) et des saillies (38a) va jusqu'& 3,9 
mm. 

Palier a roulement selon Tune quelconque des re- 
vendications 4 et 5, dans lequel le flux magnetique 30 
s'ecoulant depuis un p6le magnetique des aimants 
permanents (35a, 35b) vers le stator (36a) et la roue 
codeuse (11b) presente une densite maximum de- 
passant 1 000 gauss. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 (A) 
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Fig. 4 (B) 
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Fis 6 (A) 
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Fig. 6 (B) 
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Fig. 7 
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Fig. 8 
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Fig. 11 
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Fig. 12 
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Fig. 15 
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Fig. 16 
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Fig. 17 
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